Tumor-forming ability in athymic nude mice of human cell lines devoid of mitochondrial DNA.
We have examined the contribution of the mitochondrial genome to the tumorigenic phenotype expressed by human cell lines derived from an ovarian and a cervical carcinoma and from an osteogenic sarcoma. All these continuous cell lines are anchorage-independent in soft agar and form tumors in athymic nude mice. Long-term exposure of the cells to ethidium bromide, an intercalating agent which inhibits mitochondrial DNA replication, gave rise to subclones depleted of mitochondrial DNA and RNA molecules and displaying either anchorage independence or dependence. These respiratory-deficient subclones contain disorganized and enlarged mitochondria, are auxotrophic for uridine and pyruvate, and grow in vitro at a rate nearly identical or moderately slower than their respective parent. The tumor-forming ability of both anchorage-independent and -dependent cell lines was tested by s.c. and intramuscular implantation of the cells in nude mice. We found that the tumorigenic capacity was influenced by the route of inoculation. Subcutaneously, mitochondrial DNA-less cell lines are either poorly or nontumorigenic, while all but one cell line form tumors when implanted into the hind leg muscle. The relative in vivo growth rate of the parent and the mitochondrial DNA-less subclones reflects their respective in vitro rate of growth. All intramuscular tumors introduced into culture mimic the molecular and phenotypic traits of the injected cells, with the exception of the anchorage-dependent cell lines which give rise to anchorage-independent tumor cell lines. The present observations indicate that human cells without mitochondrial DNA have the capacity to proliferate and form tumors in vivo.